Abstract-We wished to devise a measure of dissimilarity (D) which could predict psychophysical discrimination performance for Snellen letter pairs in peripheral vision. Threshold size for discriminating 33 pairs of Snellen letters was measured at 30 degrees eccentricity in the nasal retina for two subjects. D was computed for each pair by performing an overlap subtraction in the spatial domain, followed by a Fast Fourier Transform on this difference image, and dividing the total power in the resultant 'difference spectrum' by the sum of the powers of the individual letter spectra. A plot of D vs. psychophysical threshold letter size gave a mean correlation of R D ¡0:81. When D was calculated for letters that were low-pass ltered at different cut-off frequencies, the correlation with psychophysical performance was greatest when cut-off was between 1.25-1.9 cycles/letter (R D ¡0:85). Conversely, when the difference spectrum was high-pass ltered at different cut-off frequencies, the correlation decreased continuously as the cut-off increased. These results imply that the band of frequencies between zero and 1.25 cycles/letter are most important for letter discrimination in peripheral vision.
INTRODUCTION
One of the goals of vision research is to develop computational models that predict visual performance on various tasks. One such task is letter acuity, for which a variety of models have been developed for foveal vision (Ginsburg, 1980; Legge et al., 1985; Parish and Sperling, 1991; Solomon and Pelli, 1994) . However, models of letter acuity for peripheral vision are underdeveloped by comparison. This despite the fact that peripheral viewing is sometimes employed by people with visual impairment. Two possible reasons for this state of affairs is that (1) peripheral vision has not been studied as much as foveal vision, and (2) the added complication of neural undersampling of the peripheral retinal image which cannot be neglected when modeling peripheral spatial vision (Thibos et al., 1987; Anderson and Thibos, 1999) . Gervais et al. (1984) examined three methods for predicting psychophysical similarity of uppercase letters in foveal vision. These included models based on template overlap, geometric features and spatial frequency content. They concluded that this latter model gave the best correlation with psychophysically determined confusion matrices for different letter pairs (r D 0:70). Their model computed the Fourier Transform of each letter and multiplied the amplitude spectrum by the human contrast sensitivity function. They then used this spectrum to calculate a measure of dissimilarity (D) between letter pairs using the equation:
where X ij A is the amplitude of letter A at spatial frequency i; j , in the ltered amplitude spectrum, X ij B is the corresponding amplitude of letter B, Y ij A is the phase of letter A at cell i; j , in the phase spectrum, and Y ij B is the corresponding phase of letter B. This model produced good correlation with psychophysical measurements of similarity, but has been suggested to have a signi cant aw (Higgins et al., 1996) . Since it subtracts corresponding amplitudes before taking account of phase, any letter pair that has the same amplitude spectrum and differs only in phase (i.e. any mirror symmetric pair (e.g. b and d) should be indistinguishable by this predictor. Vol and Pavlovskaya (1990) , in commenting on this model, also concluded that it could not be realised by known neurophysiological mechanisms. Instead, they used the following equation to calculate 'Euclidian distance' between various visual objects:
where S j k is the distance between the j th and kth objects, J and K are their Fourier transforms, and Re and Im are the real and imaginary parts of the complex spectrum. The Euclidean distances de ned by equation (2) were well correlated with psychophysical discrimination performance and, they believed, was an improvement on the model of Gervais et al. because it could be realised by the visual receptive elds. However, this model weights all spatial frequencies equally in the calculation of Euclidian distance without considering that some spatial frequencies might contribute more to visual performance than others. Our present aim was to extend this earlier work into peripheral vision, but restricting the model to just those frequencies which are known to be important for letter resolution (Ginsburg, 1980; Legge et al., 1985; Parish and Sperling, 1991; Solomon and Pelli, 1994) at the endpoint of an acuity paradigm.
